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'I'he industrial arts shop teacher is probably in a 
more advantageous position to teach good, sound, practical 
safety practices than is any other person in the field of 
education. He must teach the safe use of every machine and 
tool in the shop . His motto is always, 11 The right way is the 
safe way ." The shop teacher helps to make his students 
safety conscious by insisting that they use correct methods 
and the guards provided on the machines in order to avoid 
accidents. By using guarded machinery the student learns 
first that equipment can be guarded satisfactorily, and 
second that properly guarded machines can be operated effi-
ciently . Furthermore, the well-trained student will be more 
likely, as an employee to use guards on machinery and will be 
more receptive to safety training from his foreman. 
A school which neglects to develop attitudes and 
habits of safety in its students is failing in a major obli-
gation to the student, to industry, and to society. The 
ideal shop program not only includes instruction of the in-
dividual in the attitude, knowledge, and skill to avoid acci-
dents, but also must provide a safe environment . 
'lb.ere ls need for continued study of safety con:li-
tions and their applica ti. on to the environment of school 
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machine shops. Thus it became the purpose of tbis study to 
determine desirable safety factors in school machine shops. 
Problem 
v,hat would be the design of a score card for evalu-
ating the physical factors to be considered in attaining a 
high degree of safety in high school machine shops? 
Problem analysis.--The following questions were 
considered in the analysis of the problem: 
1. At what machines are accidents most preva-
lent in school machine shops? 
2. #hat conditions of room and equipment 
relative to safety and safety devices are most 
frequently found in school machine shops? 
3. uhat are the relationships between shop 
conditions as determined by the score card and 
accidents in the shop? 
4. How do Class B school machine shops in 
lower 1Vlichigan compare according to the score ca.rd? 
De limitations.--'Ihis study was limited to develop -
ment and analysis of the score card as applied to conditions 
of room and power equipment in public school machine shops in 
Class B bigb schools in lower Michlgan exclusive of Detroit. 
'I'his study did not include safety instruct:ton. 
Methods and ma teria.ls 
The first task undertaken in solving this problem 
was to develop a score card. This score card was made from 
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items secured from reference to the literature . The form 
of the score card wa s patterned after Strayer and Engle-
hardt I s score card for city school buildings . Each item on 
the card was assigned an arbitrary scale, making a total 
value of 500 points for a perfect score . 
An accident report was developed and sent to the 
cooperating instructors , in order that a uniform record 
could be kept . This was constructed in such a manner that 
it would help instructors keep a record of indi vidual acci-
dents , and help in the analysis of conditions under which 
the accident occurred . 
In September , 1947 , letters were sent to instruc-
tors of machine shops in Class B public high schools in lower 
J,ilichigan . They were asked to cooperate in the study of 
causes of accidents in machine shops by keeping an accurate 
record of accidents that occurred in their shops over a six-
month period: October 1 , 1947 , to April 1 , 1948 . Each 
letter included a self-addressed, stamped postal card for 
convenient reply . 
Favorable replies were received from 28 machine 
shop instructors indicating they would be willing to cooperate 
with the study . 
Letters were sent to the 28 cooperating schools 
thanking them for their interest and assistance . The number 
of accident reports that each estimated as necessary for the 
study were enclosed in this letter. 
The latter part of March, 1948 , letters were sent 
to the cooperating instructors stating the approximate time 
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at which the writer would visit their schools. 
The superintendent of schools of Niles, Michigan , 
cooperated by permitting the first visit to inspect shops in 
various schools Thursday, lllarch 17, instead of attending 
county institute. He also permitted inspection and visita-
tion the following day, Friday , March 18. This made a three-
day week-end whic b made it possible to vi sit 17 schools in 
tbe east and north -central part of the state. The remainder 
or the shops were contacted during evenines or on week-ends, 
depending on the distance necessary to drive :bo 6et to the 
school. During these visits accident records available were 
collected and machine shops were inspected and scored using 
the score card developed for this purpose. 
To have a more accurate study, results from four 
of the score cards filled on cooperating schools were eli-
minated. One was eliminated because the instructor bad mis-
interpreted the term "machine shop 11 to mean use of machines 
in connection with woodsLop. In two cases machine shop work 
was considered in relation to general shop and therefore 
would not give reliable results. The other elimination was 
a farm shop where only a minor a.mount of machine shop work 
was carried on. hlimination of four samples left a total of 
24 cooperating Class B high schools 1Abich were the source of 
data upon which this study was based. 
Analysis of data 
Training in the crafts is now recognized as the 
responsibility of the public scbools. Such training can be 
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effective only when it includes training in safe work prac-
tices. Therefore , no person's training is complete which has 
not provided for the integration of safe work practices with 
experiences. 
Sensing the need for material that will assist 
teachers in the execution of a program to include safety, 
this score card was formed and this study conducted. The 
analysis of this study is given in the following pages. 
Of a total of 136 accidents the operation of the 
metal lathe resulted in 69 accidents, or 50.7 per cent of 
the total number of accidents reported. None of the accidents 
could be classified as serious . Most of the accidents re-
sulted in minor cuts or scratches. All but two schools re-
ported accidents on the lathe, revealing a wide spread 
through the samples shown. 
Operation of the drill press was res ·oonslble for 
24 of the 136 accidents, or 17. 6 per cent of a total number. 
Ten accidents occurred while operating the grinder , 
equaling 7 .3 per cent of the tote.l number of accidents re-
ported. This machine was responsible for a broken finger, 
the most serious accident reported. 
The operation of the cb-all saw, the shaper , and 
band filing each resulted in four accidents. Thus , the 
operation of each machine resulted in 2.9 per cent of the 
accidents reported. 
The use of the backsaw and the operation of hand 
tapping each resulted in three minor cuts or burns on the 
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operators' hands, or 2.2 per cent eachof all accidents. 
the use of the forge and the screwdriver resulted 
in two minor accidents each, or 1.5 per cent each of all 
accidents. 
The operati n of the milling machine, welding 
equipment, and use of the wrenches each resulted in one 
minor accident or .8 per cent of the tota.l for each type 
of equipment. 
The range · of scores on the 24 shops visited and 
checked, according to this score card, was 185 points . 
High score was 455 points; low score was 270 .points . 
Power equipment was scored on seven items with a 
total of 130 points for a perfect score. 'I'en shops of the 
24 had a perfect score under this heading. 
'lhe recommended illu111ination for general work in 
machine shop is 30 to 40 foot-candles, and for close work 
50 to 100 foot-candles. According to this recommendation, 
the illumination of the v&rious shops was the most deficient 
iterr of any checked. Every shop was deficient, either in 
general lighting or li5 hting for close work , and many were 
deficient in both. 
Electrical equipment was scored on the basis of 
six items with a total; of 80 points for a perfect score . 
Of the 24 shops visited and scored, 11 were pa:fect in this 
item. 
Room facilities for the various shops visited 
were checked on eight items totaling 65 points for a perfect 
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score . Tv~ shops of the 24 rated a perfect score . Sound-
proofing was found on ceilings in four shops ; one additional 
shop had approximately one half of the ceiling sound-proofed . 
The 24 shops were checked on six items relative to 
facilities for housekeeping , based on a perfect score of 80 
points . Three shops rated perfect on this basis . 
Facilities for body protection of students in the 
24 machine shops covered by this study were scored on five 
items totaling 65 points . Of the 24 shops che cked, 19 scored 
65 points , or a perfect scoreing . 
Six mis cellaneous items were checked and scored in 
the 24 shops visited for this study . Color dynamics paintin g 
was used in three of the shops . 
Discussion 
A.pplica ti on of' the newer ideas of illumi nation , 
sound-proofing , and color d ynamic paint were rarely found . 
adequate light ~sonly one phase of proper light 
planning . The avoidance of glare , heavy shadows , and provi -
sion for proper diffusion are to be considered . The colors 
used on walls , machines , and floors also constitute a safe t y 
factor . The application of color dynam:cs is helpful and 
effective in siving desirable color contrasts which les sen 
nervous ~atigue , increase efficiency , and call attenti on 
to danger points . 
Unnecessary noi se from machines can be great ly 
reduced by keeping them in repair . Insulating tbe upper 
part of' the sho1:- will help absorb the natural noise . 
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It appears probable thvt if school authorities were 
conscious of the efficiency that could be derived b , pro-
viding adequate light including color dynamics many would be 
willing to cooperate. The cost of applying the right kind 
of paint properly would be no more than that of t he ineffec-
tive application so commonly evident . 
~mployment of an illuminat~on engineer appears 
advisable ~hen planning a shop . His fee would be money 
well spent . 
The relationship between shop conditions as deter-
mined by the score card and accidents in the shop were con-
sistent in many cases, as was shown in Figure 11 . 
Of 24 shops visited and checked in this study, 16 
having scores of 370 points or above had eight or less ac-
cidents . Three shops having low scores had a comparatively 
high number of accidents . The records of these 19 shops over 
a six-month period substantiates the validity of the score 
card developed for this study. Jf the remaining five shops , 
three had high scores and also a high frequency of accidents . 
This may have been due to inefficient instruction and manage-
ment . A careless workman with the best of equipment and con-
ditions can be a hazard to himself and his fellow students . 
study ')f the accident situati::m 6 ives the feeling that a 
great many people have never l earned to do things correctly 
or safely . Students do not know how to do thi n~s; or they 
fail to do them as well as they know how . In either case , 
the result may be an accident . 
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Two sh ops had low scores according to the score card 
and also a low accident frequency . This was probably due to 
efficient instruction and management on the part of the in-
structor . A student properly instructed can work safely 
although probably not as efficiently as if he were in better 
surroundings . 
In this study all scratches and cuts regardless 
of how slight were recorded as accidents . A slight cut or 
scratch under slightly different circumstances might have 
been a serious accident . !\.n accident thet has occurred, re-
gardless of how slight or serious, is a symptom of some under-
lying cause . The result of an accident is not nearly as im-
portant as the unsafe practice which may continue to bring 
more of the same re su 1 t . 
~ .. s previousl, revealed , inspections primarily lead 
to the discovery of unsafe practices . 
Results of the study appear to justify the use of a 
score card as desi6 ned for the solution of this problem . 
J.1any unsafe prac tices and procedures leading to numerous 
minor accidents and potentially to those of a much more serious 
nature were revealed. It seems evident that the score card 
may be helpful .in pointing out the deficiencies in school 
machine shops , which if corrected may prevent unnecessary 
hazards to pupils . 
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Chapter I 
INTRODUCTION 
Doing a job the right way means doing it accu-
rately with a minimum loss of time, a minimum waste of 
motion and materials, and a minimum drain upon the energies 
of the person doing the job. 
The shop teacher is, perhaps, in a better posi-
tion to teach good, sound, practical safety than anyone 
else in the field of education. He must teach the safe use 
of every machine and every tool in tbe shop. His motto is 
always, "The right way is the safe way • 11 The shop teacher 
helps to make his students safety conscious by insisting 
that tbey use correct methods and that they use guards pro-
vided on the machines in order to avoid accidents. By 
using guarded machinery , the student learns, first, that 
equipment can be guarded satisfactorily, and, second, that 
properly guarded machines can be efficiently operated. 
1<·urthermore, the well-trained student will be more likely, 
as an employee, to use guards on machinery and will be more 
receptive to safety training from bis foreman. 
It is just as important for a student to learn 
safe practices as it is for him to learn how to make a 
certain part or do a particular job. Safety training, as 
a part of machine shop training and a part of education, 
leads students to the safe way of living. Failure to take 
safety measures is expensive to the students , to the com-
munity, and to the nation. 
During World War II there were more persons 
killed by accidents on the home front than were killed on 
the battle front. This is a heavy price to pay, especially 
when accidents do not have to occur. Some large plants 
have proved that they can cut down their accidents more th 
90 per cent through the use of proper safeguards, care, and 
safety methods. 
A school which neglects to develop attitudes and 
habits of safety in its students is failing in a major 
obligation to the student, to industry, and to society. 
The ideal school shop program not only includes instruction 
of the individual in the attitude, knowledge, and skill to 
avoid accidents, but also must provide a safe environment. 
There is, then, a need for a study of safety 
conditions or environment in school machine shops. This 
study has been undertaken as a means of determining desir-
able safety factors in school machine shops. 
Problem 
What would be the design of a score card for 
evaluating the physical factors to be considered in attain-
ing a high degree of safety in high school machine shops? 
Problem analysis.--Tbe following questions must 
be considered in the analysis of the problem: 
1. At wbat machines are accidents most 
prevalent i~ school macbine shops? 
2. What conditions of room and equipment 
relative to safety and safety devices are most 
frequently found in school machine shops? 
3. What are the relationships between 
shop conditions as determined by the score card 
and accidents in the shop? 
4. How do Class B school machine shops in 
lower Michigan compare according to the score 
card? 
8 
Delimitations.--This study is limited to develop-
ment and analysis of the score card as applied to condi-
tions of room and power equipment in public school machine 
shops in Class B high schools in lower Michigan, exclusive 
of Detroit. 'Ibis study does not include safety instruction. 
Chapter II 
REVIEW OF LITERATURE 
Various articles have been written with regard to 
safety rules, instruction, and placing of guards on various 
machines in school shops. Some of these studies included 
suggestions as to proper arrangement of equipment and ideal 
working conditions. Since this study considers the construc-
tion and validity of a score card, these related works have 
been reviewed. 
New York (State) University ( 8), 1916, issued. a 
bulletin giving rules for guarding various machines operatec 
in industrial arts departments. 
Rules for Guarding Drill. (belt driven) 
1. Driving belts should be guarded to 
height of six feet fro m floor. 
2. Tight and loose pulley belt shifter 
should extend through guard and be equipped 
with automatic locking device. 
3. Cone pulley belt shifter should be 
applied. 
4. All power-driven gears should be 
completely enclosed. 
5. Spindle shaft should be guarded as 
shown on plate. 
6. Safety drill sockets should be used. 
7. Table should be equipped with drill 
press vise, or clamps, or other provisions to 
be made properly to secure stock when drilling. 
Rules for Guarding Planer. (belt driven) 
1. Driving belts should be guarded to a 
heigbt of six feet from the floor. 
2. Table should have 18" clearance from 
all stationary objects when in ex treme position. 
Otherwise space to be permanently and effectively 
barred against passage. 
Rules for Guarding Shaper. (belt driven) 
1. ~riving belts should te guarded to a 
height of six feet from the floor. 
2. Ram to have 18" clearance from all 
stationary objects when in extreme position. 
Otherwise space to be permanently and effectively 
barred ag ainst passage. (8:89) 
Strayer and Engelhardt published a "Score Card 
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for City School Buildings 11 ( 11), 1920. This form has been 
used in constructing the score card for evaluating the 
machine shops checked in this study (see Appendix A.) A 
portion of the items listed on this score card follows: 
III. Service Systems. 
A. Heating and Ventilation. 
1. Kind. 
2. Ins tall a tion. 
3. Air supply. 
4. Fans and motors. 
5. Distribution. 
6. Temperature control. 
7. Special provisions. 




4. Electrical wiring. 
5. Firedoors and partitions. 
6. Exit lights and signs. 
C. Cleaning System. 
1. Kind. 
2.· Installation. 
3. Efficiency . 
D. Artificial Lighting System. 
1. Gas and Electricity. 
2. Outlets and adjustment. 
3. Illumination. 
4. Methods and fixtures. 








4. Hot and cold. 
1-l 
(11:338-9) 
Humble ( 5), 1937, made a study of "Practices and 
Provisions for Protecting Pupils in School Shops" and made 
the following recommendations: 
Specifications for a Good Guard. 
1. It must reduce the chance for injury 
to the lowest practicable minimum consistent 
with opera ting. 
2 . It must be substantially constructed 
of material in workmanlike fashion. 
3. It must provide for oiling and for 
making repairs and changes with a minimum of 
delay. 
4. If possible, it should be automatic 
in action. 
5. If possible , the removal or opening 
of the guard should shut off the power . 
6. The guard should fit in to the machine 
design and must be kept in repair and in place. 
Arrangement of Machines . 
1. Safety lines around machines . 
2. Illumination 50 t:, 100 foot candles. 
3. Individual lights on machines. 
The factor of arrangement of the shop is of 
vital importance in promoting safety. The chance 
for injury to pupils engaged in school shop acti-
vities may be reduced through: 
1. The correct placement of machines. 
2. Providing adequate illumination. 
3. Insuring sufficient ventilation. 
4. Selecting desirable floor coverings. 
5. Indicating danger areas. 
6. Arranging special rooms or compart-
ments for the performance of especially danger-
ous operations. (5:12) 
Hall (3), 1940, listed electrical hazards pre-
vailing:in industrial arts shops as follows: 
1 . Are machines individual motor 
driven? 
2 . Are switches covered? 
3. Can switches be locked? 
4. Are locks used? 
5 . Are fuse boxes covered? 
6. Are badly worn extension cords 
in use? 
1.2 
7. Are machines over 150 volts grounded? 
8. Is there a master switch in use? (3:39) 
Wilder (13), 1940, published an article giving 
safety rules for safe use of machine shop equipment. Many 
of these rules were si~ilar to the ones published by New 
York (State) University referred to previously. However, 
a fe new ones are given. 
Grinder. 
1 . Provide metal safety collars on either 
side of grinding wheels with some kind of cushion. 
Engine Lathes. 
1. All gears should be properly covered. 
(13:276) 
The Industrial Arts and Vocational Education -- - ----- -----
Magazine published an article , "Safety in School Shops , " 
written by Van Duzee (12), 1941, discussing shop conditions 
and effectiveness of safety instruction in training shop 
students. 
Shop safety is dependent to a great extent 
on two factors . One is shop conditions and the 
other is effectiveness of instruction. (12:267-70) 
'Ihe National Safety Council (7) , 1941, published 
a bulletin, Inspection of Shops and Laboratories. This 
bulletin pointed out the necessity of regular inspections 
of shop and laboratories to maintain safe envirorunents for 
both students and employees. The safety council maintained 
that inspections primerily lead to the discovery of unsafe 
physical conditions and unsafe practices. A partial check 
list for shops and laboratories was suggested. 
A partial check list for shop inspections 
may include: 
1. Hand tools--use, condition, storage. 
2. Poftable electric -tools. 
3 . Equipment for head and eye protection . 
4. Protective clothing. 
5. Handling materials by band and 
mechanically . 
6. Storage of materials . 
7. Electrical hazards. 
8 . Ladders. 
9. Welding and cutting equipment. 
10. Pressure vessels. 
11. Sanitary f acili ties. 
12. Drinking water . 
13. Guarding of mechanical power and 
transmission apparatus. 
14. Guarding at points of operation on 
machine tools, etc . 
15. Housekeeping . 
16. Lighting. 
17. Ventilation . 
18. Special equipment. 
19. Occupational disease hazards. 
20 . Scaffold and construction equipment . 
(7:42) 




Tbe matter of safety education is at last 
receiving deserved attention at the hands of 
school authorities in an increasing ratio. 
(9:135 ) 
He further stated that 36 per cent of accidents to school 
children occurred in school and 19 per cent within the 
buildings themselves. 0f the latter, gymnasiums , corri-
dors, and stairs were the scenes of the greatest number of 
accidents. Classrooms and shops just about split even 
witb about 14 to 15 per cent each. This study revealed 
that very . few accidents are due to defe ctive machinery or 
lack of instruction, but there is still plenty of room 
for improvement, and the school shop is no exception. 
(9:17-19) 
Hall (4), 1944, stated that accidents to pupils 
in tbe public schools caused a total absence of 2,160,000 
pupil-days during one year. In one state, one accident 
to every three students took piace in one year. The 
National Safety Council, which was quoted in this article, 
said: 
The influence of the vocational shop and 
the gymnasium on the accident rate is indicated 
by the sudden jump in the rate from the sixth 
to the seventh grade , which rose from 1.5 to 
3.5. Further advance to 4.7 in the tenth grade 
and 5.4 in the eleventh indicates an increase 
in exposure to accidents. (4:125) 
Sotzin (10), 1944, published a suggested score 
sheet for checking the general physical conditions of a 
school plant. This article dealt mostly with general items 
of the shop such as location, construction, heating, venti-
1Ji 
lation, noise (sound-proofing), safety measures, storage, 
display and bulletin boards, blackboard facilities, and so 
forth. (10:301) 
Dunne (1), 1944, wrote an article, "What B,very 
New Vworker Should Know, 11 in which he stated, "Every new 
worker should know that the skill of doing his job includes 
doing it safely." (1:318) The worker should be taught 
there is one way to operate a machine skillfully and that 
is safely. A few safety devices were suggested as being 
helpful in preventing accidents, that is, safety g ogg les, 
respirators, hard-toed shoes, hair protection for girls , 
and leg shields for forge shop . 
Every new worker should know: 
1. That the skill of doing his job 
includes doing it safely. 
2. That he can I t 11 beat the guard. tt 
3 . About the danger of infection. (1:318) 
Vocational schools should introduce students to personal 
safety equipment , and vocational students should be given 
responsibilities on the safety committee. 
Murri (6) , 1945 , stated that it is the responsi-
bility of every school administrator, teacher, and especi-
ally the shop teacher, to have learners work in safety . 
Accidents are caused not only by human behavior, termed 
carelessness, but also by an unsafe environment . In this 
article, he listed several items that should be considered 
in plann.ing a new building, in observance of safety pre-
cautions. 
1. All exit doors should swing out. 
2. Large shops should have at least two 
exit doors. 
3. Window sill height should be no less 
than 40 inches. 
4. Provide proper beating and ventilation. 
5. Have only approved electric wiring 
c::,ntrols. 
6. Order only substantial and safe 
machinery and equipment. 
7. Have proper spacing between benches, 
machinery and equipment, usually not less than 
four feet. 
8. See that aisle s pace is ample, usually 
not less than four feet. 
9. Provide proper illumination. 
10. See that workbenches are place d cor-
rectly with reference to light. 
11. Locate fire extinguishers in appro-
priate places. 
12. Install a first-aid cabinet. 
hlectrical 
1. New wiring should be in rigid conduit; 
connections to motors may be made with short 
lengths of flexible conduit. 
2. Motors, switches and starting equipment 
should be properly encased. 
3. Switch board--dea.d front type (no ex--
posed live parts) or rubber mat in front and pro-
tective railing. 
4. Following foot-candles are recommended: 
Shops (general work) 30 fc. 
Shops (close work) 
Drawing rooms 
Sewing rooms 
Laboratories (general work) 
Laboratories (close work) 
Corridors and stairways 
Class and study rooms 








20 ·re. (6:131) 
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Ericson (2), 1946, listed 13 conditions of room 
and equipment whi ch may cause accidents: 
1. Low ceilings. 
2. Poor light (natural and artificial). 
3. Bad location of machines, causing 
interference between operators. 
4. Failure to mark safety zones around 
hazardous equipment. 
5. Unguarded belts. 
6. Unguarded pulleys, gear and grinders. 
7. Dull tools or machines. 
8. Unguarded switches. 
9. ~aste and scrap stock on the floor. 
10. .,rong type of clothing worn. 
11. Inadequately protected stairways and 
ladders leading to balconies and platforms. 
12. Poorly constructed stock rack holding 
steel and other supplies. 
13. Lack of ventilation in rooms where 
for 6 ing, metal casting or similar work is done. 
(2:163) 
~urnrna rx. rui d 
iniplica ti ons 
In the foregoing references, each of the authors 
has emphasized the i mportance of ideal shop conditions as 
being essential to safety for the students in schools and 
workers in industry. 
Special emphasis has been placed on condition of 
the electrical equipment such as safety devices on the powe 
units, adequate il~umination, and approved controls. 
Physical conditions of ~he room and facilities 
for good housekeeping are stressed as important to safety. 
Proper body protection for hazardous work has 
been acknowledged a s being important. 
With these factors in mind, it was necessary to 
develop a score card by which to evaluate the safety fac-
tors of the individual machine shops visited and scored. 
Chapter III 
METHODS AND MATERIALS 
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In conducting a study to determine the design of 
a score card for evaluating the physical factors to be con-
sidered in attaining a high degree of safety in Class B 
high school ma.chine shops, 28 Class B high schools were 
visited and evaluated. 
The first task undertaken in solving this problem 
was to develop a score card y'. This score card was made 
up in part from items secured from the following sources: 
Ericson (2:106) listed 13 conditions of room and equipment 
which may cause accidents; Murri ( 6 :131) listed 1~ items 
to be considered by the planner of the school which would 
furnish a safe environment for the student in the shop. rle 
also listed four sugbestions to be considered under the 
heeding electrical, including the amount of foot-candle 
illumination recommended for various types of work; Sotzin 
(10:301) gave a suggested score sheet for checking the 
general physical conditions of a school plant, such as lo-
cation of a shop, construction, heating, ventilation, 
noise (sound-proofing ), storage, and so forth. Other items 
~ere added from personal experience to make a total of 40 
1/ See Appendix A. 
items on the score card. 
The form of the score card was patterned after 
Strayer and Eng lehard's (11:338-9) score card for city 
school buildings .. Each item on the score card was assigned 
an arbitrary scale, making a total value for a perfect 
score of 500 points. 
After the score card was developed, it became ap-
parent that it would be necessary to furnish the cooperatir1€ 
schools with a uniform accident report g/ to use in keeping -a record of accidents. 'Ibis report was constructed in such 
a way that it would help the instructor keep a record of 
individual accidents and help him analyze conditions under 
which the accidents occurred. 
In September, 1947, letters ;V were sent to in-
structors of machine shops in Class B public high schools in 
lower Michigan. They were asked to cooperate in the study 
of causes of accidents in machine shops by keeping an accu-
rate record of accidents that occurred in their shops over 
a six-month period , October 1, 1947, to April 1, 1948. Each 
letter included a self-addressed, stamped postal card .1/ 
for convenient reply. To encourage a higher percentage of 
replies, the correspondence side of the card was printed in 
form suitable for brief reply. The instructor was asked to 
g/ See Appendix B. 
'§/ See Appendix C. 
y See Appendix D. 
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indicate the estimated number of accident reports needed 
and to si@'l his name and the name and address of his school. 
In addition, offer was made to send the instructor a copy 
of the completed .score card in exchange for his coopera-
tion. 
A list of Class B public high schools was ob-
tained from the Michigan High School Athletic Association 
Bulletin, December, 1946, Volume XXIII, Number 5. Refer-
ence was made to the Michigan Industrial Education Society 
Year Book for 1946-47 to obtain names of as many machine 
shop instructors as possible. 
Out of the 66 Class B public high schools in 
lower Michigan, exclusive of Detroit , favorable replies 
were received from 28 machine shop instructors, indicating 
that they would be willing to cooperate with the study. 
Replies were received from 18 additional instructors stating 
that they did not have a machine shop in their school. Of 
the 20 remaining, nine were found not to have machine shopsJ 
leaving 11 Class B public schools originally contacted for 
which no information was available. 
Letters y were sent to the 28 cooperating 
schools thanking them for their cooperation. The number of 
accident reports that each estimated as necessarJ for the 
study were enclosed in this letter. 
In the latter part of 1arch, 1948, letters§/ 
y See Appendix E . §/ See Appendix F. 
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were sent to the cooperating instructors stating the ap-
proximate time at which the writer would visit their schools 
In case tbe instructor could not be present on this date, hE 
was asked to name an alternate who would make it possible~ 
get into the machine shop. In the majority of cases, con-
tact was made the first ti~e. In one case, success was de-
layed until the third attempt. 
The first series of inspections of school machine 
shops was made over the week-end of ~!iarch 17, 18, and 19, 
1948 , which made it possible to visit 17 schools in the eas1 
and north-central part of the state. The remainder of the 
schools to be visited were contacted during evenings or on 
week-ends . During these visits, accident records were col-
lected and checked a nd machine shops we re inspected . In 
the process , the score card developed for this purpose was 
applied . 
The Board of Public V',orks, Niles, iUchigan, co-
operated by loaning a light meter to use for checking foot-
candle illumination in the machine shops on all of these 
visits . 
To have a more reliable study, results from four 
of the score cards filled on cooperating schools were eli-
minated . One was eliminated because the instructor had 
misinteroreted the term 11 machine sbop11 to mean use of 
machines in connectioL with woodshop. In two cases, machine 
shop work was consldered in relation to general shop and 
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therefore could not give reliable results. The other eli-
mination was a farm sbop wherein only a minor amount of 
machine shop work was carried on. The elimination of these 
four schools left a total of 24 cooperating Class B high 
schools which were the sources of data upon which this 
study has been based. 
Chapter IV 
ANALYSIS OF DATA 
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Training in the crafts is now recognized as a 
responsibility of the public schools. Such training can be 
effective only when it includes training in safe work prac-
tices. Therefore , no training program is complete which 
has not provided for the integration of safe practices with 
experiences. 
Increasin~ numbers of shops and growing complex-
ity of shop procedures have made imperative the study of 
safety practices. To facilitate such studies, some type of 
rating instrument was necessary. Thus recognition of the 
need for material that would assist teachers in the execu-
tion of a program to include training in safety practices 
led to the development and application of a score card. 
The analysis of the results of this study is given on the 
following pages. 
Machines on which 
accidents occurred 
From a total of 136 accidents, as shown in Figure 
1, the operation of the metal lathe resulted in 69 acci-
dents, or 50.7 per cent of the total reported. However, 
none of the accidents could be classified as serious. Mos t 
2ti 
of tbe accidents resulted in minor cuts or scratches from 
steel shavings or fr om bumping the cutter bit . Installing 
or removing chucks on the lathe resulted in a number of 
bruised fingers • . All but two schools reported accidents on 
the lathe, r evealing the 6 eneral distribution of accidents 
on this machine throughout the samples shown. One shop 
reportihg the g reatest numbe r of accidents on the lathe r e -
ported the greatest total number of accidents. 
Operation of the drill press, as shown in Figure 
1, was responsible for 24 of 136 accidents, or 17.6 per cent 
of the total number. These accidents were of minor nature 
such as cuts on fingers or knuckles resulting from revolving 
burrs hitting the operator's hands . Two accidents occurred 
from objects breaking loose from the drill press vise and 
revolving against the operator's hands, causing deep cuts 
on thumb and first finger of left hand. 
Ten accidents occurred v.h ile opera ting the grinder 
equaling 7.3 per cent of the total, as shown on Figure 1. 
Tae operation of thE machine resulted i n a broken finger, 
the most serious accident reported. The remaining nine in-
juries were minor in nature, such as cuts on fingers or 
hands. A few students got particles in their eyes while 
operating the grinding machines. These were removed by the 
instructor without injury. 
Handling of materials resulted in eight minor in-
juries, or 5.9 per cent of all accidents, as shown in 
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Figure 1 . 
The operation of the do-all saw and the shaper 
and hand filing each resulted in four accidents, as shown 
in Figure 1. Thus, the operation of each machine or tool 
resulted in 2 . 9 per cent of the accidents reported. All 
accidents were minor in nature , such as slight cuts on 
hands or fingers . 
Use of the hacksaw and the operation of hand 
tapping each resulted in three minor cuts or burns on the 
operator's bands, or 2.2 per cent each of all accidents, 
as shown in Figure 1 . 
Use of the forge and the screwdriver resulted in 
two minor accidents each, or 1 . 5 per cent each of all acci-
dents , as shown in Figure 1 . 
The operation of the milling machine, welding 
equipment, and the use of the wrenches each resulted in one 
minor accident , or .8 per cent of the total for each type 
of equipment . 
Conditions of room 
and equipment 
The score card·used to score conditions of room 
and equipment relative to safety in Class B public school 
machine s hops was based on a perfect score of 500 points. 
The range of the scores on the 24 shops visited 
and checked , according to this score card, was 185 points . 
High score was 455 points, and low score was 270 points, as 
CONDITIONS OF ROOM AND EQUIPMENT RELATIVE TO SAFETY AND 
SAF1 TY DEVIC ~S MOST FRE~UENT IN 24 SCHOOL MACHINE SHOPS 
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shown in Figure 2 . 
Power equipment was checked on seven items with 
a total score of 130 points . Of the 24 shops visited, 10 
received perfect scores under this heading, as shown in 
Figure 3 . 
Consideration of power sources revealed that all 
shops were equipped with individual motors on machines , ex-
cept one which had approximately 50 per cent individual 
motor equipment . Every shop visited and scored had approv 
switches on all machines . Approved guards were found in 
every instance except one . In this case, the instructor 
had removed one guard . 
In the case of safety shields on grinders, four 
shops were found without shields, one shop with shields on 
one third of the machines , but in all cases safety collars 
were u'sed . 
Eleven of 24 shops were crowded to the extent 
that they had aisles less than four feet in width. Five 
shops had some item of equipment with less than 18 inches 




The ~ecommended illumination for general work in 
machine shops is 30 to 40 foot-candles and for close work 
50 to 100 foot-candles. 
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According to this recommendation, the illumina-
tion of the various shops was the most deficient item of 
any checked, as shown in Figure 4. Every shop was defi-
cient in either general lighting or lighting for close 
work, and many were deficient in both . 
Twelve shops had less than 30 foot-candle illu-
mination for general lighting, and 19 had less than 50 
foot-candle illumination for close work and inspection. 
Nine shops were deficient in both general and close illu-
mination . 
Electrical equipment 
Electrical equipment was scored on the basis of 
six items with a total of 80 points for a perfect score. 
Of the 24 shops visited and scored, 11 were perfect on this 
item, as shown in Figure 5. 
Twenty-two shops of the 24 were equipped with 
dead-front switchboards. One shop lacked proper .encasing 
for switches; but in all cases, shops were equipped with 
proper electrical controls. 
Failure to provide proper grounds for motors on 
machines was found in five shops, while in three other 
instances partial neglect was discovered in this area . 
All of the shops that had use for extension cords were 
using the approved type of equipment. 
One shop lacked both a clock and a bell, two 
other shops lacked a clock, and still another lacked a bell 
GENERAL ILLUMIKATION IN FOOT-CANDLES OF 24 SCHOOL MACHINE 
SHOPS IN LOV~ER MICHIGAN, 1947-48. 
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Room facilities for various shops visited were 
checked on eight items, totaling 65 points for a perf ect 
score. Two shops of the 24 included in this study received 
a perfect score under this heading, as shown in Figure 6. 
Seventeen shops were equipped so that a proper 
temperature of between 60 and 70 degrees was maintained at 
all times. One shop lacked facilities for adequate venti-
lation. 
The ceiling height in 20 shops exceeded the mini-
mum height of 10 feet, and all shops of 2,000 square feet 
of floor space or over had two exit doors. Window sill 
height was 40 inches or over in 22 shops included in this 
study. Seventeen shops checked had a drinking fountain, 
and all shops had washing facilities. 
Sound-proofing was found on the ceiling s of four 
shops; however, one additional shop had approxi ffiately one 
half of the ceiling sound-proofed. 
Facilities for 
housekeeping 
The 24 shops visited and scored were checked on 
six items relative to facilities for housekeeping, based 
on 80 points for a perfect score. On this basis, three 
shops received perfect scores, as shown in Figure 7. 
It was found that only three visited had safety 
lines around machines; however, 22 had more than 40 square 
ROOM FACILITIBS OF 24 SCHOOL MACHINE SHOPS IN LOWER 
MIC HI GAN , 1947 -48. 
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feet of working space f'or each pupil, as shown in Figure 8. 
The average working area per pupil in the 34 shops visited 
and scored was 82 square feet. 
All 24 shops had "non-slippery" floors, Safety 
containers for oily or soiled rags were found in 13 shops 
visited. ~ight shops had balconies; however, steps leading 
to these balconies were all located in non-dangerous areas 
away from machinery. liousekeeping in general was good in 
19 shops visited. 
Facilities for 
body protecTion 
Facilities for body protection of students in the 
24 machine shops covered by this study were scored on five 
items, totaling 65 points. Nineteen shops scored 65 points, 
or perfect, according to the score card used, as shown in 
Figure 9. 
Clear goggles or shields for eye protection on 
hazardous jobs were lacking in four shops visited. However, 
all shops having welding equipment also had welding helmets 
or dark goggles for eye protection. 
Asbestos gloves needed while handling molten 
metal were lacking in three of the 12 shops where this type 
of work was offered. Leather aprons to be worn while hand-
ling molten metal were also lacking in six of the 12 shops 
that included this type of activity. Dust masks were avail-
able in the two shops that had need for this type of protec-
tion. 
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Under this heading , six items were checked and 
scored for a total of 60 points. No shop received a per-
fect score under this head:in g , as shown in Figure 10. 
Twenty-three of the 24 shops were equipped with 
fire extinguishers; however, only four had fire blankets. 
Ten of the 15 shops using inflammable liquid for cleaning 
purposes used approved safety cans for this material. The 
danger points in six shops were labeled to caution the stu-
dents of the hazard involved at this particular position. 
Color dynamic paint was used in three of the 
shops visited. The storage of steel was properly handled 
in 14 of the 24 sho ps included in this study . 
Relationships between 
shop conditions and 
accidents 
The relationships between shop conditions as de -
termined by the score card and accident s in the shop were 
consistent in many cases, as shown in ~igure 11. 
Of 24 shops visited and checked in this study, 
16 having scores of 370 points or above had eight or less 
accidents. Three shops having low scores bad a compara-
tively high number of accidents. The remaining five shops 
did not compare favorably as to scores and accident rate. 
Two shops having low scores according to the score card ha 
a low number of accidents . 
MISCELLANEOUS IT = S CHECK.BD IN 24 SCHOOL CHINE SHOPS IN 
LOlhR MICHIGAN, 1947-48. 
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All accidents reported in this study were minor 
in nature. The operation of the metal lathe caused 69 of 
136 accidents, or 50.7 per cent of the total, as shown in 
Figure 1. Operation of the drill press resulted in 24 ac-
cidents, or 17.6 per cent. A broKen finger was the mos t 
serious accident reported. This happened at the grinder, 
which was the scene of nine other minor accidents, or 7.5 
per cent of the total. The remaining accidents resulted 
from the following: 
Handling of materials 8 




Hand tapping 3 
Forging 2 
Screwdriver 2 
Milling machine 1 
Welding 1 
Wrench 1 
All of these are shown in Figure 1. 
Conditions · of room and equipment in the 24 shops 
visited and scored varied fro w 270 points to 455 out of a 
possible ~00, as shown in Figure 2. Power equipment, as 
shown in Figure 3, was in fairly good condition. Illumina-
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tion of the shops, as shown in Figure 4, was deficient in 
all cases. ~lectrical equipment was in good condition in a 
majority of shops, as shown in Figure 5. Room facilities 
were fairly adequate in most shops visited, as shown in 
Figure 6. Bacilities for housekeeping, generally, were fair 
or bordering on low and were quite consistent with room 
facilities, as revealed by a comperison of Figures 6, 7, 
and 8. Body protection facilities ¥ere hi gh in many shops, 
as shown in f1£ure 9. Under the heading of miscellaneous, 
wbi ch included the newer idea of color dynamic paint, with 
five other items, all schools were deficient, as shown in 
Figure 10. 
Class B school machine shops in lower ~ichigan 
compared favorably accordin6 to the score card, as revealed 
by a study of Figure 2. 
A discussion of the various items will be given 
in the next chapter. 
Chapter V 
DISCUSSION 
This chapter will set forth the i~plications of 
the review of literature, accident records of 24 machine 
shops visited and evaluated according to results obtained 
by using a score card developed for that purpose. 
Implications 
From the review of literature, it may be con-
cluded that periodic inspections of machine shops are re-
garded as essential to the discovery of unsafe conditions 
of room and equipment . To discover such conditions, some 
type of objectlve measuring device was needed; therefore, 
development of the score card became necessary. Items in-
cluded on the score card were emphasized by various authors 
as being important to safet1 in machine shops. 
It was necessary to get an accurate record of 
accidents that happened in school machine shops over a given 
period of time. These records revealed that 50.7 per cent 
of all accidents to students working in machine shops occur 
red on the metal lathe. This high percentage may be ac-
counted for because of the large number of lathes in each 
shop in comparison with other machines and the numerous 
operations for which the lathe is used. 
In this study, all scratches and cuts, regardless 
of how slight, were recorded as accidents. A slight cut or 
scratch under slightl) different circumstances might have 
been a serious accident. An accident that has occurred, re 
gardless of how slight or serious, is a symptom of some 
underlying cause. The result of an accident is not nearly 
as important as the unsafe practice which may continue to 
bring mo re of the same result. 
The drill press was the second most common machin3 
in use in school shops. Operations on this machine caused 
24 of 136 accidents, or 17.6 per cent of the total number. 
The drill press is not considered a hazardous machine, and 
it is probably the large amount of work for which it is 
used tba t accounts for the frequency of accidents. All acci 
dents were minor cu ts from steel shavings or rough edges of 
revolving stock. 
Operations of grinders resulted in one broken 
finger and nine minor injuries. The broken finger resulted 
when stock caught in a grinder and pulled the finger against 
the e,uard. 
Accident frequency on all other machines was four 
or less mishaps per machine, as shown in Figure 1. 
The 24 shops visited received high scores under 
the item of power equipment. Ten schools bad perfect scores 
of 130 points each. Vvith few exceptions, power equipment 
such as individual motors, approved switches, approved 
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guards, shields on grinders, and safety collars on grinders 
was all in good condition. 
In 13 shops aisles were less than the four-foot 
width recommended by Murri ( 6:131). In five shops visited 
and scored clearance between the extreme position of a 
shaper, planer, or similar ma.chine, and a stationary object 
was less than tbe 18 inches recommended by New York (State) 
University ( 8 :89). Existence of narrow aisles and insuf-
ficient clearance a.round machines was due to lack of plan-
ning floor space for the machines in the shop. A number of 
schools received war surplus equipment and bad moved much 
of this equipment into their shops, resulting in dangerous 
loss of essential working space. A number of shops with 
narrow aisles had less than the 82 square foot worki ng area 
per pupil, which was avera6 e for the 24 shops included in 
this study. 
Illumination of the shops was deficient in all 
instances . Ten shops had 30 foot-candles of illumination 
for general shop work. Three had a minimum illumination of 
50 foot-candles for close work, but no shop had the recom-
mended illumination for both. Two shops had six foot-
candles of illumination as the maximum, while two bad a 
maximum of nine foot-candles. Such practices seem unneces-
sary in view of the extensive research that has been done 
in recent years with reference to this subject. Students 
in poorly lighted workrooms are at a disadvantage. Some 
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schools supply the best of tools and equipment but fail to 
consider the importance of adequate lighting and the handi-
cap imposed u~on students and the strain produced upon eyes 
by poorly arranged and insufficient lighting. Apparently 
adequate lighting is an essential factor in obtaining high 
operating efficiency as well as for reduction of accidents. 
blectrical equip~ent was in good condition in the 
24 shops visited. Two shops had switchboards that did not 
pass inspection. One was located outside the shop room, 
making quick access to it impossible. Another switchbox 
contained a type of knife blade switch. The instructor in-
sisted that he kept the cabinet containing this switch 
locked at all times and that no student was permitted to usi 
it. Eight shops lacked proper grounding equipment for part 
or all of the motors in their shops. 
Twenty shops visited were equipped with clock and 
bell systems. Such systems enable the instructor to devote 
more personal attention to administrative duties and permit 
schedule planning that gives students ample time to clear 
work and properly store tools. 
Room facilities were adequate in most shops in-
cluded in this study. Jne shop lacked adequate ventila tio~ 
and seven lacked proper temperature control. Four shops bac 
ceiling height of less than 10 feet in all or part of the 
room. Every shop of 2,000 square feet or over had two exit 
doors. Window sill height was over 40 inches in 22 shops. 
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Both drinking and washing facilities were available in all 
shops. Four shops had sound-proofing on the ceiling, and 
one bad sound-proofing on approximately one half of the 
ceiling. It has been demonstrated that sound-proofing on 
ceilings and uoper side ~alls aids in deadening noise. Re-
duced noise appears to aid in the elimination of nervous 
fatigue. Such reduction is without a doubt a worth -while 
factor contri bu ting to accident prevention. 
Temperature and ventilation appear to be major 
contributing factors in the cause of accidents. Students 
working in room temperatures that vary beyond the 60 or 70 
degrees recommended are not likely to work as carefully and 
safely as when working under correct room temperatures. 
Adequate ventilation is essential to safe working conditions 
alert minds, and good health . 
Poor housekeeping is another physical cause of 
accidents in school, industry, and at home. Aisles clut-
tered with materials , dirty stairways, oily floors, and ob-
jects out of place have been contributing factors in caus-
ing accidents. Clean, well-ordered shops present less in 
the way of physical hazards than those poorly maintained. 
Housekeeping was good in 19 of the 24 shops visited. Items 
included under this heading were taken from Humble (5:12), 
The National Safety Council ( 7 :42), Ericson (2:163), and 
incorporated into the score card used for this study. Gen-
eral precautions that apply to good housekeeping are preven 
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tion of interference with students in work areas, allowing 
onlJ one student per machine, provision for the disposal of 
wiping cloths and oily wastes , careful removal of scrap 
materials from tqe floor, keeping aisles clear, and system-
atic arrangement of tools at work stations. 
Eleven shops were not equipped with safety con-
tainers for oily rags and waste. Some instructors had open 
top barrels for this purpose; others insisted that oily 
rags should be removed and burned each day. 
Two shops had a working area of less than 40 
square feet per pupil, which was the minimum amount of 
space.listed on the score card. The 24 shops averaged 82 
square feet of working space per pupil. This is a high 
average. 
Maintenance of safety lines in the 24 shops sur-
veyed was poor. Only three shops had safety lines around 
machines. These shops reported only two accidents each 
during the six-month duration of the survey. Thus , it ap-
pears that safety lines are important as indicators of the 
area to be occupied by the person operating the machine, 
and as such contribute in a large degree toward safe oper-
ating conditions. 
Ceiling height of more than 10 feet is necessary 
for the safe handling of long pieces of steel or large 
sheets of metal. 
Steps to balconies were in non-hazardous areas . 
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Sixteen shops were on one floor level. 
Facilities for body protect i on were adequate in 
most shops. Four failed to provide goggles or shields for 
eye protection necessary for hazardous jobs. However , 
schools having welding equipment all had dark goggles or 
welding helmets. Asbestos gloves were available for wear 
while handling molten metal in nine of the 12 shops having 
this type of work. Six of the 12 shops had leather aprons. 
rbe only two sbops which needed dust masks bad them avail-
able. 
Goggles with hardened lenses should be used for 
all grinding and buffing. It bas been recommended that th~ 
be worn at all times while working in a machine shop. Some 
industries that are safety conscious furnish goggles and 
require their employees to wear them. 
Miscellaneous items were checked in the 24 shops. 
Fire extinguishers, safety cans for inflammable liquid, and 
steel storage racks were provided in most instances. 
Fire blankets, labeling of danger points , and the 
use of color dynamic paints were found in only a few of the 
shops. 
Shops visited were in good condition with respect 
to safety of power-driven machines, all electrical controls, 
room facilities, housekeeping facilities , and facilities 
for body protection. 
Application of the newer ideas of illumination , 
sound-proofing, and color dynamic paint were rarely found . 
Adequate light is only one phase of proper light 
planning. The avoidance of glare, heavy shadows, and pro -
vision for proper diffusion are to be considered. The 
colors used on walls, machines , and floors also constitute 
a safety factor. The application of color dynamics is 
helpful and effective in giving desirable color contrasts 
wblcb lessen nervous fatigue, increase efficiency , and call 
attention to danger points. 
Unnecessary noise from machines can be greatly 
reduced by keeping them in repair. Insulating the upper 
part of the shop will belp absorb the natural noise. 
It appears p robable that if school authorities 
were conscious of the efficiency that could be derived by 
providing adequate light including color dynamics, many 
would be willing to cooperate. Tbe co st of' applying the 
right kind of paint properly would be no more than that of 
the ineffective application so commonly evident . Lmploy-
ment of an illumination engineer appears advisable when 
planning a shop. His fee would be money well spent. 
The relationship between shop conditions as de-
termined by the score card and accidents in the shop was 
consistent in many cases, as was shown in Figure 11. 
Of 24 shops visited and checked in this study, 
19 had scores of 370 points or above. Jf these 19 shops 
two had more than eight accidents. 
5.1 
This may have been due to inefficient instruction 
and management. A careless workman with the best of equip-
ment and conditions can be a hazard t o himse lf and his 
fellow students. , study of the accident situation '-'ives 
t~e feeling that a great many people have never learned to 
do things correctly or safely. Students do not know how to 
do things, or they fail to do them as well as they know 
how . In either. caee, the result may be an accident. 
Of the remainin6 five shops with scores of 365 
or less, one bad 20 accidents, four had seven or less ac-
cidents. The low accident rate in the four schools was 
J robably due to efficient lnstructlon and management on the 
part of the instructor . A student properly instructed can 
work safely although probably not as efficiently as if he 
were in better surroundings. 
As previously revealed, inspections primarily 
lead to the discovery of unsafe practices . 
Apparently the score card does reveal unsafe 
practices and procedures wr~ich among other factors may 
lead to nume rous minor accidents and potentially to those 




A score card was designed for use while conduct-
ing this study. This card was designed to provide data 
necessary for evaluation of the physical factors to be con-
sidered in attaining a high degree of safety in high school 
machine shops. ¼ith extensive use of machines in everyday 
life, it is necessary that students, especially those in 
machine shop, work in a safe environment. 
Cooperati on of 24 high school machine shop in-
structors was secured. These instructors kept an accurate 
record of accidents which occurred in their shops over a 
period of six months . At the end of this period, the shops 
we re visited and rated according to the items on the score 
card. 
It was revealed that 50.7 per cent of all acci-
dents occurred while operating the metal lathe. This may 
have been due to the extensive use of this machine and the 
many operations for which it is used. All accidents were 
minor in nature, consisting of cuts and scratches on hands 
and fing ers or particles in eyes. These particles were re-
moved without injury. 
The score card revealed that shops visited were 
in good condition with respect to safety: 
1. Power driven machines 
2. All electrical controls 
3. Room facilities 
4. housekeeping facilities 
5. F'acilities for body protection 
t: (-v) 
Provision in shops for such new factors as illu-
min~tlon , sound-proofing, and color dynamic paint was defi-
cient. 
ith the score card as a guide, the instructor 
may more readily determine conditions prevailing in his 
shop which if corrected may prevent unnecessary hazards to 
students and a more efficient approach to the objectives 
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Appendix A.--SCORl CARD 
s·core Card for Class B High School Machine Shops 60 
A clean, methodical, and systematically organized shop promotes safety. 
r. Equipment (power) 
1. Individual motors 
2. Approved switches 
3. Approved guards 
4. Shield on grinder 
5. Safety collars on grinder 
6. Aisles not less than 4 feet wide 
7. Clearance between stationary objects and 
extreme position of machine 18 inches 
II. Illumination 
1. General work 30 f.c. - 40 f.c. 
2. Close work 50 f.c. -100 f.c. 
III. Electrical 
1 : 2 I 
---4---~_Q __ _ 
20 
·20- l-----,-.--~ 
·20· I - • • - •• , .. -··-
20 ----.---
2 0 - - _., - . --t -- -
-1~]~ -~~~--t =-
- - ···1 - - - -·---r--- -
--·- SQ_ ____  
1. Switchboards ( dead front type) · 20 1 
2 . Motors, switches and starting equipment 1.5:------~ -
properly encased _15~- ._------ __ 3. Approved design electrical controls ____ _ 
4. Motors properly grounded 15 
5. Approved extension cords ]..~_ L ___ --=~-~-
6. Clock and bell system 0 
IV. Room Facilities _ __ ___ ~-§~---
1. Proper temperature 60-70 degrees 10 _;__ 
2. Adequate ventilation ·1 -=o·--+--+- -
3. Ceiling height not less than 10 feet J:9.~-----~~ 
4. Two exit doors for large shops, over 10 I _____ .. 1 .• __ _ 
2,000 sq. ft. __ 10~ .,----,--5. Window sill height not less than 40 inches 1 
r--- - --- ?<-·- - -·- r---
6. Drinking -water 5 1 i 
7. Washing facilities 5+ . · · ··--, - --
8. , Sound proofing -51 _,_ .. - ; ---
V. . Housekeeping .20 J .. -- ~O !.--- -1. Safety lines around machines l 
2. Working space ( 40 sq.ft. per student) -~g ~r- ~~~-~~~f~-=-~ 
3. Non-slippery floors ,_ ___ l ____ ,____ _ 
4. Safety container for oily waste 10 J________ , __ 
5. Steps located in non-dangerous areas 10 ' I 
. _.\.. ... -- - - --, 
6. Housekeeping in general good 10 · 1 
VI. Body Protection 65 1 
1. Safety Goggles or shields _gQ_ L ___ ~-
2. 1'1/elding helmets or goggles 20 I -- ,....---,--
3. Asbestos gloves for handling molten metal _11_~. ___ ,... --t---4. Leather apron for handling molten metal o I 
5. Dust mask or respirators --5 -;-·---i--· 
VII. Miscellaneous ! 60 , -- -· ·-- - - =--,--·. ~: ;f~: ~~!~~~isher ig..-+--- ~----
t- ----,-- ·- ,___j__ 
3. Approved safety container for inflamable _+_Q_J_ __ ~_J__ 
liquid ----i- I 
4. Danger points labeled -1o-+-- - ---:-
5. Color dynamic pain't 16"1 I 
6. Properly construe ted steel rack -10 -i-·---1------,--, 
Totals 500 500 
Instructions for using card- (1) Basis for scoring 500 points, (r) 
For scoring two columns are allowed. ''Jhile actually at work in a 
shop only the first need be filled out, the second to be filled out at 
leisure. (3) 11fuere credit is allowed for any single item not pre-
sent and not needed in a shop draw a circle around such credit. 
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Appendix B.--ACCIDENT RbPORr 
Machine S4op Accident Report 
Class B High Schools of Michigan 
Name of school ... ............................ ···········-········ ··· ................................................. .............. . 
62 
Date of accident ................................. Hour of day .... ....... ................. .... -.. Age of individual ......... ..... . 
No, of sem. in shop . . .... .............................. ...... Size of class ........................ . 
I ACCIDENT 
l. Description of the accident. .......................................... ............... ......... . 
·- ·- ... . ..... -·· -- . ... ... ... .... ····-- ... ··----· --- ... 
2 Description of the injury 
11 EQUIPMENT 
l. Name of machine at which accident occurred ......... ......... ..................... ...... ............ ................. .. 
z. Model .. Model number . ... .. . .. . . ................ Year Mfg . .............. ..... . 
3. Was the machine tool equipped with approved safety guards? yes no. 
4. Was there sufficient equipment? yes no. 
5. Was there logi::al arrangement of machines in the shop? yes no. 
6. Was the machine defective? yes no. 
7. Was the machine being misused? yes no. 
8. Was the machine otsolete? yes no. 
III ILLUMINATION 
l. Was illumination adequate? yes no. 
2. Was there glare? yes no. 
IV ELECTRICAL HAZARDS 
1. Were switch boards dead-front type ?. (No exposed live parts) yes no. 
2. Were motors, switch, and starting equipment properly encased? yes no 
3. Were electrical controls of approved design? yes no. 
4. Were motors properly grounded? yes no. 
V HOUSEKEEPING 
l. Was shop crowded? (Not enough equipment to give each student a working location) yes no. 
2. Was proper temperature maintained? yes no. 
3. Was there adequate ventilation? yes no. 
4. Were floors slippery? yes no. 
5. Were steps located in dangerous areas? yes no. 
6. Was housekeeping in general, good, bad? 
VI PERSONAL FACTORS 
1. Was student fatigued? yes no. 
2. Was proper clothing worn? yes no. 
3. Was student wearing goggles if needed? yes no. 
4. Was machine being run at improper speed? yes no. 
5. Were guards being adjusted while machine was running? yes no. 
6. Was stud,mt attempting to oil machine while it was running? yes no. 
7. \-Vr. s i,tudent engaged in horseplay? yes no. 
VII MISCELLANEOUS 
1. Were danger points labeled? yes no. 
2. Were 1::,teel racks properly constructed? yes no. 
3. 
4 .. .. ................................. ............... ......................... ........ ......................... ............................... .. . 
Appendix C • - -LETTI:.,R TO SHOP 
INSTIDCTORS, SEPTEMBER, 1947 
t,a 
De:1r Sir: 
Industrial Arts Dept. 
Russell Gebby, Director \ 
NILES HIGH SCHOOL 
NILES, MICH. 
September 29, 1947 
64 
I am conducting a study of causes of accidents in public school 
machine shops, in Class B high schools in lower 1~i.ichig:1n. The pur-
pose is to develop a score card that can be used to appraise a 
school shop to detect certain hazards that may be a source of 
accidents. In this study I hope to enlist the cooperation of mach-
ine shop instructors and other school officials. 
To build this score card it will be necessary to secure accurate 
and complete information concerning school machine shop accidents and 
the causes thereof. ~newing the conditions under which accidents 
occur, we shall be able to formulate safety precautions to guide 
shop practice. No effort will be made to compare shops. Each shop 
will be the unit on which the study will be based and each accident 
will be reported separately. 
I am enclosing a copy of a machine shop accident report, which 
has been devised by myself with the cooperation of the Faculty of 
Colorado A & M C?llege, · Fort Collins, Colorado, for your information. 
It is proposed that an accur2te record of accidents in each 
cooperating machine shop be kept from October 1, 1947 to April 1, 
1948. 
I shall appreciate your cooperation in this project. 
Sincerely yours, 
;?,?;//# /4. 
Russell A. Gebby 
Appendix D.--POSTAL CAP..D FOR 
SHOP INSTRUCTORS 
65 
POSTAL CARD FOR SHOP INSTRUCTORS 
We should like to cooperate in the 
public school machine shop accident 
study. ·v·e will probably need__,,. __ 
Machine Shop Accident Report Blanks . 
Signature 
I would appreciate a copy of the 
completed score card for my own use. 
Signature 
Name of School -------------
Address ---------------· 
Immediate reply appreciated. 
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Appendix ~ .--LETTER TO COOPERATING 




62 3 Vann street 
Niles, Michigan 
October 281 194? 
I appreciate veey much your interest in my study of 
causes ot accidents 1n public school machine shops, in 
Class B high schools in lower Miehigano • 
For the purpose of this study please keep a record of 
every accident in your shop regardl@ffs of how minor the 
accident may beo Remember no effort will be made to compare 
shopso 
I am planning to vis1 t your shop soma time before 
April 1, 19480 
68 
Enclosed find the accident reports that you indicated 
yo·u might need. If more are needed I will be glad to furnish 
them to youo 
Thanks again for your willingness to cooperate with me 
on this studyo 
p 
Enc. 
X ours ve1,y truly i, 
Russell A. Gabby 
Appendix F.--APPOINTMENT L~TTEJBS , 
MARCH , 1947 
G9 
Dear Mr. 
INDUSTRIAL ARTS DEPARTMENT 
Russell Gebby, Director 
NILES HlGH SCHOOL 
NILES, MICHIGRN 
In connection with my study of causes of accidents in 
public school machine shops, I expect to be in your shop 
70 
At this time I would like to pick 
up your accident reports to date and also apply the score 
card that I have developed. 
If for any reason you will not be available on this 
date, please notify me as to whom I may contact to get into 
your machine shop. 
Thank you for your cooperation with me in this study. 
Yours very truly, 
Russell A. Gebby 
7.1 
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